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A  COLLECTION  OF  THE  BAT^B-HEAD  WAVELENGTHS  OF  Nj  AND  Na^*  . 

■  /■  L.  Wallace  -  /  u 

Yerkes  Observatory,  university  of  Chicago,  Williams  Bay,  Wisconsin 
N,  Received  Sep^mber  2S,  l<)6l)^^seS'0cHRtf^,  061 

ABSTI^CT'w  €).  ,«• 

The  wavelengths  of  the  band  heads  of  Nj  and  .N^extending  from  the  vacuum  ultraviolet  into  the 
far  infrared,  are  tabulated  according  to  th^Tftfctronic  transition  involved.  Supplementary  material  is 
provided  to  facilitate  problen.s  of  identification.  — . 

This  summary  includes  all  the  band-head  wavelengths  of  gaseous  N2  and  N^  found 
in  the  literature,  limited  only  by  the  requirement  that  the  observations  have  been  fitted 
into  the  energy-level  schemes  of  Xj  or  Nf  or  have  been  arranged  in  Delandres  schemes 
and  are  generally  accepted  as  being  due  to  Nj.  Into  the  latter  category  fall  the  green 
bands,  Herman’s  infrared  bands,  and  the  Hepner-Herman  bands.  While  I  am  aware  that 
such  an  extensive  listing  as  this  cannot  replace  Pearse  and  Gaydon’s  (1950)  tabulation, 
which  contains  the  pertinent  data  on  all  the  more  readily  observed  systems,  the  utility 
of  the  present  work,  under  many  circumstances,  is  obvious. 

Upon  completion  of  this  summary,  I  became  aware  of  Lofthus’  (1960)  work,  which  is 
an  extensive  survey  containing  not  only  the  wavelengths  given  here  but  also  a  .summary 
of  the  important  work  that  has  been  done  on  the  structure  of  Nj  and  N^.  Lofthus’  survey 
is  directed  toward  problems  in  molecular  structure,  whereas  this  was  compiled  to  facili¬ 
tate  problems  in  identification. 

In  all  possible  cases  I  have  used  Herzberg’s  (19.S0)  notation  for  the  electronic  state 
designations.  Failing  this,  that  of  Pearse  and  Gaydon  (1950)  was  used,  and  where  the 
bands  are  discussed  by  none  of  these  authors,  I  have  used  the  notation  of  the  original 
investigator  with  minor  modifications,  where  necessary,  to  maintain  consistency  with 
earlier  designations.  In  several  instances  where  rotational  analyses  have  not  been  per¬ 
formed,  I  have  relied  on  the  deductions  of  Mulliken  (1957)  as  to  the  type  of  electronic 
state  involved.  The  vibrational  assignments,  particularly  in  the  fragmentary  singlet- 
singlet  transitions,  are  in  some  instances  uncertain.  It  is  likely  that  some  of  these  systems 
observed  in  emission  actually  have  common  upper  electronic  states. 

In  Table  1  are  listed  the  states  of  Nj  and  N^,  along  with  the  observed  transitions,  the 
system  origins,  the  extent  of  the  systems,  and  the  names  sometimes  associated  with 
them.  It  is  intended  that  this  table  should  .serve  as  an  index  to  the  wavelength  listings  in 
the  succeeding  tables.  The  latter  are  arranged  in  four  successive  groups:  the  triplet- 
triplet  and  higher  multiplicity  bands,  the  triplet-singlet  bands,  and  the  singlet-singlet 
bands  of  Nj,  followed  by  the  bands  of  NJ.  Within  each  group  the  .systems  are  listed  ac¬ 
cording  to  increasing  wave  number  of  the  system  origin. 

The  intensities  listed  for  the  first  and  second  positive  and  first  negative  systems  are 
on  a  linear  scale.  The  remainder  are  the  usual  eye-estimates  on  a  quasi-logarithmic  scale. 

Calculated  wavelengths  have  been  given  in  some  cases  where  the  observed  wave¬ 
lengths  are  of  low  quality. 

In  the  appendix  are  listed  the  vibrational  intervals,  AG,.fi/2.  References  to  rotational 
analyses  and  to  other  works  on  the  vibrational  analyses  are  given  in  connection  with  the 
observed  band  systems  in  Tables  2-59. 

*  The  research  reported  in  this  paper  was  supported  by  the  Geophysics  Research  Directorate  of  the 
Air  Force  Cambridge  Research  Center,  Air  Research  and  Development  Command,  under  contract 
AF  19(604)-3044  with  the  University  of  Chicago. 
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69. 

11 

6,2 

93. 

111 

9676. 

1 

97. 

11 

(10) 

7,3 

9713. 

111 

9900. 

1 

12. 

11 

(27) 

8,6 

39. 

111 
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aHtyiti 

smrss*.< 


tiM  ulmtUi 

MO  AMI  aO 

•MVM  teWBiltiM  Ml  a 

0991)54  1 
4723.2* 

sad  mtsaumsl  saalwaaa  aam  aim 

rMAt  (1990)T 

33,9  1 

9999.0* 

(192) 

0,4 

4737.0* 

31,4 

40U.9* 

:ii^) 

7,3 

4731.2* 

30,3 

0009.7* 

(111) 

4,2 

47M.O* 

9,2 

0127.1* 

C73) 

9,1 

4701.4* 

4,3 

0U9.2 

(33) 

U,9 

e  4702.4 

20,20 

0100.7 

(97) 

*.0 

C  4794.0 

29,19 

0293.1 

(331) 

U,0 

4797.1* 

7,0 

0322.0 

(2U) 

30,7 

e  4000.4 

24,10 

0394.7 

(3U) 

0,4 

C  4022.9 

23,17 

0400.0 

(400) 

4,9 

C  4030.4 

22,10 

0944.9 

(900) 

9,4 

e  4094.9 

21,19 

0023.0 

(940) 

4,3 

C  4072.0 

20,14 

0071.9* 

(H) 

U,10 

C  40M.9 

39,13 

0704.0 

(904) 

9,2 

C  4907.9 

14,12 

0704.0* 

(49) 

33,9 

e  4924.0 

17,11 

0700.0 

(339) 

4,3 

e  4940.3 

10,10 

0099.3* 

(39) 

30,0 

C  4940.0 

19,9 

0079.2 

(142) 

3,0 

C  4907.4 

14,0 

0997.0* 

(19) 

*,9 

C  9000.9 

33,7 

7099.9* 

(0) 

0,4 

90X.7* 

(12) 

33,0 

7104.0* 

(Ul) 

9,9 

9093.4* 

(4) 

U,9 

7202.4* 

(0) 

12,11 

9070.9* 

(9) 

30,4 

7274.0 

(302) 

4,4 

9101.0* 

(4) 

9,3 

7340.0* 

(4) 

11,10 

9129.0* 

0,2 

7107.2 

(990) 

9,3 

9191.3* 

7,3 

7479.0* 

(U) 

30,9 

9177.9* 

(0) 

4,0 

7904.7 

(072) 

4,2 

9372.1 

(92) 

33,7 

70U.9* 

(49) 

9,0 

9407.0* 

(40) 

U,0 

7020.0* 

(Oil) 

3,3 

9442.2* 

(41) 

30,9 

7792.0* 

(40) 

0,9 

9470.2* 

(39) 

9,4 

7793.7 

(719) 

2,0 

9919.1* 

(29) 

0,9 

7000.0* 

(9) 

12,12 

9991.4* 

(17) 

7,3 

7090.9 

(100) 

9,4 

9992.9* 

(U) 

4,3 

0047.9 

(134) 

4,9 

9032.7* 

(9) 

9.0 

0073.0* 

(20) 

11,11 

9799.2 

(170) 

U,0 

0201.9* 

(20) 

10,10 

9004.2 

(210) 

33,7 

0209.9* 

(93) 

9,4 

9094.4 

(210) 

30,4 

0170.1* 

(99) 

4,3 

9900.0* 

(2U) 

9,9 

0301.9* 

(29) 

0,9 

rnm-wmsk 

VMM  tiiMito  f«MB  OttflMlL  jntf  lAaMM 

■Dtk  M 
10  Oacs^l 


■S4t.S 

UM.a* 

•7M.0 

•m.T* 

tnt.T* 

HU.4 

•MS.4A 

nu.<* 

Mes.9* 
e  tMi.t 

fse).o* 

e»l:r 

rni.t* 

mt.o* 
e  MM.t 

loeio.t* 
e  1MS.S 

ioe7s.»* 

wnr.i* 

ims.7* 

un*.o* 

C  USM.} 
10779.9* 
10791.4* 
11137.9* 
lUi9.7* 

11320.0* 

■  IISU. 
11300.9* 
11790.1* 

11931.0* 

■  11923. 


(303) 

(0) 

(002) 

(4) 

(0) 

(UOO) 

(3) 

(3) 

(100) 

(0) 

(232) 

(2) 

(271) 

(U) 

(214) 

(44) 

(1) 

(7) 

(OO) 

(0) 

(1000) 

(0) 

(79) 

(102) 

(21) 

(102) 

(23) 

(7) 

(Ml) 


)t3 

0.0 

2.1 

11.12 

1.0 

4.4 

10.11 

3.9 

9.10 
4.4 

4.9 
3.3 
f,» 

3.3 

4.7 

10.12 

3.1 

3.4 

9.11 

0.0 

4.10 

4.9 
3.4 

3.9 

3.3 

4.4 

9.13 

3.3 


CmCIMMO  MAt  pAg* 


452 


wn  tftm 
fttR  Nitnti 

OMitlMWd 


(U) 

0,7 

w 

(6360 

0,1 

1.2612* 

(3.1) 

0.11 

1.2329* 

(2) 

6,0 

1.2063* 

(5.6) 

7,10 

1.3061* 
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3,5 

1.3676* 
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3.0 
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1.3 
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6.7 

1.6979* 

1.6977 

(156) 

0.2 

1.5326* 
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7,11 

1.3717* 

1.571 

(100) 

3,6 

X  toNtMilM 


1 

t«.at 

m 

2.5 

1.7061* 

(2.2) 

5,9 
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H  1.760 

(90) 

1.6 

1.0159* 

(0.2) 

7.12 

1.0252* 

0  1.026 

(7) 

6.0 

1.0076* 

■  I.S7 

(26) 

0,3 

H  \:vr 

(17) 

3.7 

1.9907* 

(1.0) 

6,11 

2.1210* 

H  2.117 

(10) 

2.6 

2.1357* 

(2.5) 

5.10 

2.3005* 

K  2.306 

(11) 

1.5 

2.3616* 

M  2.360 

(3.3) 

6.0 

0,511^ 

(•,7) 

6|«8 

2.5UI9 

2.530 

(l.t) 

0,6 

2.5006* 

(5.2) 

3,0 

2.0000* 

(1.0) 

5,11 

2.099* 

(3.3) 

2,7 

3.233* 

(0.9) 

6,10 

3.292* 

(1.2) 

1.6 

3.771* 

(1.0) 

3.0 

3.000* 

(0.1) 

0,5 

6.161* 

(0.2) 

5,12 

6.520* 

(0.3) 

2.0 

5.339* 

(0) 

6,11 

5.662* 

(0.1) 

1.7 

6.706* 

(0.1) 

3.10 

7.506* 

(0) 

0,6 

9.950* 

(0) 

2,9 

12.12* 

6,12 

10.60* 

(0) 

1,8 

39.37 

3,11 
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URMMI'S  DQIMID  BMISS 
Sts  hMda.  ntgrsStS  to  Uio  ?lolat. 

Iho  wavoloBsth*  and  taewalttoo  ato  fcoa  Camll  aad  Inrara  (1933).  Tho  ahortoat 
mNolangeh  hoadu  tha  atvoasoat.  [foo  alao  dawas  (1951)  J 
Catcell  and  Sayara  alao  (toe  a  ball'toM  ef  tha  tpeetcob 


7001.2  ot 
09,2  o 
U.6  to 

19.3  ttt 
25.8  tt 

33.3  t 


(4)  3,1 


7061.7  ot 
69.0  o 

76.3  to 
80.0  ttt 
07.5  U 
96.6  t 


(6)  2,0 


7635.0  ot 
7671.0  t 


<3) 


7521.0  et 
30.7  V 

36.5  tv 

61.6  ttt 
50.0  U 
50.3  t 

(6) 

1.0 

0057.6  vt 
70.9  V 
77.6  tv 
06.7  tU 
96.1  tt 
0101.1  t 

(10) 

0,0 

7820.5  vt 
60.7  V 

0397.  vt 

(1) 

1.2 

66.7  tv 

53.7  Ut 
62.0  U 
60.5  t 

(0) 

2,2 

0360.  vt 

(2) 

0,1 
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»  *  ’2  - 
OaydoB  hM  laelodad  a  half' 


a  favFth  iaatClva  aytua  aad«  aoBtanuawny 
tcM  of  tha  apaaccMi. 


0  S047.0  1 
M.a  *' 
M.7  11 
54.0  111 
57.3  iv 
62.7  V 


0  5073.4  . 
73.0  ‘ 


77.7  11 

».2  U1 
.2  Iv 
90.2  _ 
90.2  '' 
97,0  vl 


0  5272.0  . 

70.5  ‘ 
74.4  11 

79.6  111 

93.1  1« 

99.2  _ 

0  90.0  * 


0  5309.6  . 

09.3  * 

12.9  11 

16.7  111  /.) 

20.7  Iv 

26.9  _ 

0  27.0  ^ 

0  33.9  vl 


0  5435.0  1 

(3) 

3,3 

0  5924.  1 

<1> 

2,4 

0  5479.6  1 

0  99.  V 

0  5306.3  vl 

(6) 

2.2 

0  5994.5  1 

0  6017.3  V 

0  26.9  vt 

(6) 

1.3 

0  5527.1  1 

0  45.5  V 

(2) 

l.l 

0  6069.6  1 

0  91.0  V 

(9) 

0,2 

0  5374.4  . 
74.9  ‘ 
79.3  11 


92.9  111  /A%  A  A 

97.6  Iv 
95.0  . 


0  94.2 

0  5602.1  vl 


0  5640.  1 
0  61.  V 


0  5735.1  1 
0  76.3  V 


0  3915.1  . 

14.7  *■ 
0  36.5  _ 

39.5  ^ 
0  43.4  vl 


(1)  3,4 

(3)  1,2 

(10>  0,1 


0  6101.1  Vi 


0  6160.5  1 

0  93.4  V  (3)  2,3 


0  91.6  vl 


0  6246.3  1  .  . 

0  69.9  V  (S>  1,4 

0  79.7  vl 


0  6336.3  1 
0  60.4  V 


(5)  0,3 
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neom  rnmn 

c\^  B’n, 


Wwi  fiDV  «lciM  ImhKU.  ca  aka  VteUt* 

liltMfUtai*  n  •  Uaaas  aeata.  asa  iwtm  Hallaaa  <«afaMtatiad>.  Btaka  awt  ttaatn  •uaaarlia 
tha  wsrk  on  cha  vlbtaclaaal  aai  (ecatUaal  aaaljraaa. 


26S7. 

4,0 

3300.3 

(4.6) 

1.8 

4343.6 

0.4 

28U.3 

4.1 

3336.7 

(36) 

1.2 

4333.0 
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2n(.s 

3.0 

3376.6 
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O.l 

4416.7 
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4,2 
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(1.4) 

*,« 
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(1.4) 

2,7 
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3671.6 

(4.3) 

8.S 
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(16) 

M 

3710.6 
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2.4 

4649.4 

*.io 

3104.0 

<6.4) 

♦.3 

3733.3 

(22) 

1.3 

4667.3 

0,8 

3116.7 

(U) 

3.2 

3604.6 

(23) 

0.2 

4723.3 

(0.33) 

8,6 

3136.0 

(86) 

2.1 

3637.6 

(3.3) 

4,7 

4614.7 

(0.36) 

2.6 

31S0.3 

(73) 

1.0 

3664.6 

(3.7) 

4616.6 

1.7 

3266.1 

(6.3) 

♦.* 

3643.0 

(6.0) 

2)3 

4676.4 

4,11 

3263.3 

(7.4) 

3.3 

3666.4 

(6.6) 

1,* 

C  3031.3 

0,6 

3306. 

(2.7) 

2.2 

4036.4 

(3.6) 

C  3066.0 

8.10 

3336.6 

(2.9) 

l.t 

4064.6 

(2.6) 

♦lo 

C  3176.3 

2,6 

3371.4 

(100) 

0.0 

4141.6 

(3,3) 

8,7 

C  3806.3 

1.1 

3346. 

(0.23) 

4,3 

4200.3 

(4.1) 

2.6 

C  3432.0 

0,7 

3466. 

(0.23) 

3.4 

4266.7 

(3.3) 

1,8 
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M270  ea*^  Syteo 


GOLMTItH  •  KAFLAN 

c'-  Bin, 

Than  I>aaAa.  D«gaA<«A  «•  th*  Had. 

-ih*  ttMA  Maiat  •i.aMMMMMla.'ia  ky  HaMda  (IWI)  amt  (ha  ■■■■■<  by  fimte 
OsydMi  aat  aert  Mtm  to  ftns  tM  28n±m5A  baodi  and  fait  tkay  batonitd  to  a  ARatitt 
ayotaa  dtmi  tha  dldd'OW  bawda.  Iha  btaa  bandt  apyaatad  to  Oaydett  ta  aatglnaaa  tiam  a 
3£  aa  a  3/^  atata. 

Gaydan  hat  Ineludad  a  half*  tone  of  the  apaetnaa. 


2863.3 

0,2 

3326.1 

0,5 

4432.2 

0,10 

3003.4 

0,3 

3308.0 

0,6 

4720.0 

0,11 

3023.8 

1,4 

3707.1 

0.7 

3018.6 

0,12 

3139.2 

0,4 

3923.4 

0,8 

3178.4 

i.s 

4166.0 

0.9 

4163.7 

71.6 

78.2 

1 

11 

111 

(3) 

0.9 

4728.4 

33.6 

43.8 

1 

11 

111 

(3) 

0,11 

3430.  Ill  0,13 

4432.3 

38.8 

46.2 

1 

11 

ill 

(4) 

0,10 

3039.4 

66.7 

76.2 

1 

11 

111 

(1) 

0,12 

AA266  em*^  Syttaa 


FOURTH  POSITIVE 

D^ZJ  — B^Hg 

Five  cloao  haadt.  I^traded  Co  the  Violet. 

Tha  wavolaagtht  and  Intantltlat  tra  from  Fowler  and  Strutt  (1911).  The  five  hoada 
appear  to  eorraepond  to  tha  Q].>  F|,  F,,  Oj.  and  0]  branehei.  Oero  and  Sehald  (19A0) 
have  parforoad  a  rotational  analylia  of  tne  0,1  and  0,2  banda.  Garo  and  Sekaild'a  band 
head  wavalenRtha  are  from  0.2  to  O.S  A  greater  than  thoae  glwan  by  Fowlar  and  Strutt. 


2236.0 

38.A  (2)  0,0 

39.6 


2343.3 

46.6 

48.4  (8)  0,3 

49.7 

30.7 


2896.6 

98.1 

2900.3  (1)  0,6 

02.0 

03.9 


2346.4 

47.3 

49.0  (6)  0,1 

30.3 

31.4 


2634.3 

33.8 

37.9  (3)  0,4 

39.3 


2442.8 

44.0 

43.6  (10)  0,2 

47.0 


2771.4 

72.8 

73.1  (2)  0,3 

76.3 
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KAaAM't  THIRD 


TAtLI  10*11 


E 


A*  J 


* 

u 


MCKiAiA  Co  tbo  HUUt. 

Hm  MMotAagcbo  MW  Cmb  HWBl*t  (1W9)  CAtito  V. 


2137.6 

2203.6 
2263.3 
2a/2.9 


1.1 

1.2 

0,1 

1.3 


2313.3 

2391.6 
2619.8 

2671.6 


0.2 

0.3 

1.5 

0,6 


2697.1 
2336.9 

2662.1 
2733.2 


1.6 

0.3 

0,6 

0.7 


69737  Syif 
VMMIID  •  KAfLAM 

X'XJ 


SlaglA  hAAdt.  DAtradtd  ee  Mia  KaA. 


lAbAllAd 


’V  n«mm  And  Raxma,  1*667,  and 
WilkiaAoa  (19W,  l*MlAd  H.  XteM  MAted  Atth  aa  aatoclAk  iw»a  ealoalAtAd  ttem  Mm  AlatatA 
an^tlA  o<  0^  Add  HmMi  <19W,  ete  X-atatA  analjrals  b*  Hllklaam  (1937).  aad  Mm  Mtm 


oricla  dACavtaad  froa  Mia  aaalraia  of 
tAMltiaa  tiavo  boaa  tealad  fsaa  Va^ard' 


a>J  «.0.a5d  7;o  baida  br  WlklaAMjlfoSff  *tto*SJ* 
a  (.1932)  ftfuro  3.  90101.  about  3200  A  Hw  marAltiiMMii 
%torvad  aad  ealeulacad  oaMlaatma 

tha 


aopaaa  to  ba  aaeurata  M  about  Ojl'A  but  ab^  thtS  ^'obtorvod  a2''eaieulMad«aooi«MKa 

dlvMir  '* 


ivmfl  in  «  P«e^lw  — ••urwuatt  by  ^nU  <lf4«a>  tad  VUklMoii  CI95f> 

ooft  aceurata.  VHkiMoa'aTlOSt)  toport  oeatataa  Mm  aoat  raeant  rotatuSalaaatpAta. 

VAdf  aad  Ntlota  (1939)  prataot  aa  tatoroatlat  half-taaa  of  too  of  Mia  baada. 
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2.1 

Coattauad  aaiit  paga 
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2033.0 

(7) 

0,7 

2033.7* 

2030.0* 

3,0 

1;!. 

(3) 

1,0 

3000.0^ 

0,10 

3000.7* 

(3> 

1,0 

3007.0* 

5.U 

3127.0* 

(3) 

l.M 

3131.4* 

(7> 

0,0 

3100.2* 

O.u 

38:$ 

(0) 

1.0 

3100.2* 

3207.0* 

(0) 

2.10 

3200.4* 

5.12 

3340.3* 

3.11 

3331.3 

3331.0* 

<7> 

0,0 

30U.0* 

(2) 

0,12 

il:l* 

(D 

1,10 

3000.2* 

(2) 

5,13 

HI 

(0) 

l.U 

•»* 

(3> 

3,12 

3001.0 

'18b 

(3> 

0,10 

■  3000.3 
3000.2* 

(2) 

0,u 

3002.0 

•HI 

(0) 

1.11 

■  3700.0 
3732.3* 

(2) 

5,10 

3700.0 

•m 

(0) 

2.12 

•HI 

(2) 

3,13 

•Hi 

(0) 

0,11 

(3) 

0,10 

3077.0 
■  3070.1 
3077.0* 

<3> 

1.12 

4071. T 
•  4072.3 

(0) 

2.13 

•  0140. 

(3> 

0,10 

OUO.T 
■  0171.2 

(0> 

3.U 

1  0210. 

(3> 

0,12 

0272.3 

(0> 

0,15 

•  0310.0 

(2) 

1.U 

■  0400.0 

(0> 

0,17 

0  0330.3 

(0) 

3.15 

0  4003.0 

(2) 

0,13 

■  0010.3 

2.10 

■  0001.7 

(0) 

0,U 

■  07U.3 

(2) 

1.10 

3  4037. 

(3) 

2.13 

1  0000. 

(3) 

3.U 

1  3000. 

(2) 

0,10 

•  3320. 

(2> 

2.10 

*  ■-'atl# 
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TAIL!  It >14 


<»»  «■’*  Sytti 

■'’li— x't; 


t*"' 
•MZjMV*. 


'-fMCMMMK:'’ '  infill  "" 

I'MUMn 
■u* 


OKIOlllt 

1423.30 

3.4 

1433.22 

2,0 

1404.02 

1,0 

1310. SO 

0,0 

■MOO 

U01.04 

(1.0) 

i.a 

04.43 

U.o) 

1453.02 

(1.0) 

S4.M 

(1.0) 

a»3 

&!) 

0.3 

‘•8:8 

ii;S! 

0,7 

1713.47 

10.34 

ii:!! 

1.4 

I.i 

1742.44 

43.43 

0,4 

2001.23 

02.54 

S;:) 

0.0 

1000.37 

00.31 

S;i! 

3.4 

2133.00 

34.33 

2.10 

U34.17 

33.33 

!i;ll 

0.3 

2174.47 

70.04 

iSiS 

0,0 

ion.o3 

03.01 

2  7 

**8:8 

ifct) 

1,10 

(0.3) 

1033.37 

34.30 

!S:8 

1.7 

2232.10 

33.40 

fhlf 

3,U 

MtM  tyttaa 

cX-  x'sj? 

DMIbl*>hMd«d.  I>4tr4d4d  to  th*  tad. 

Otoamd  b]r  Taaka  (ltS5)  U  abwcptlM. 

“».•  «)  '••  I  !3:;i  !il  M  I  Hii:J  ii! 


32510  m"^  9yMm 

b'nu-q'n. 


nagrid»d  to  tha  lad. 

Jtate  (10Mb). 

>0W.l  ®.0  I  32M.3  0,1 
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rmt  l••w 


tm.»  0,0  {  2Ma.i  «,t 


9S)7i  artMB 


p^rj-o'n, 

Ot«M  0mM*  hMd*.  I>>g»idltil  t»  tiM  Vlalat. 

toum5.<ffl*u.ara^r—  “*"•  •*' 


M27.1  0,0  nu.o 

2M7.0  O.t  S2I7.3 


0,2  2403.3  0,4 

0,3  3001.1  0,5 


JwlH  (mu  Md  lf43«)  and 
tha  a'-o  ptagiaailaa  of  OanMa't 

27tS.S  0,0 

2*32.0  0,1 


taUa^m  of  Jaala  (1040a),  I 
OMS)  0  ajacaiiiluHa  n). 

I  3070.0  0,2 

I  3240.0  0,3 


tmi  lanaa  (1043)  and 
3410.5  0,4 


30305  m’^  Sjrataa 


n^Oy  O^Og 


ca  riia  MO. 


mi  taUa  m^af  J«la  (lOOOa), 

' - *-  Fiaatl  a  7MhitB  « 


2740.2  0,0 

2077.0  0,1 


3020.4  0,2 

3174.0  0,3 
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46i 


rmi  18- •• 


414<;  SyitOT 


TAtLK  IT't* 


KAKAH't  ISCOHO 
If' fig  —  Hf'Au 

IfcgSAddd  M  dM  Vt«l«c. 

Hman'i  (tt*Si  a  lyscMi  ttM*  tt>.  mt 


2263.4 

(4) 

1.0 

2936.6 

(9) 

0,2 

2742.0 

(3) 

0,4 

2394.9 

(4) 

0,0 

2619.3 

(97) 

1.4 

2831.6 

1.* 

2431.1 

1.2 

2636.2 

(5) 

0.3 

2894.9 

0,9 

2322.4 

(3) 

1.3 

2722.0 

(3) 

1.5 

43647  en“^  System 

i'Aq  w' Au 

0«grac1e«i  Co  Che  VloleC» 

Ufchua  (1957). 

236S.S  3,4  I  2477.3  0,2 


43^18  em"^  SyiCen 
h'zj—  o'llg 

Slightly  degraded  to  the  Red, 

Caydon't  (1943)  T  lyitem,  Henaan't  (1945)  <  ayatem  (|>.261),  and  Lofthua  (1937). 

2969.6  0,3 

2678.6  0,4 


2281.3 

2371.6 


0,0 

0,1 


2793.6 


0,5 


TAtLi  iO-U 


MSS.« 

1M7.« 

nu.i 
nM.2 
2m.  s 

21N.f 

2225.* 

2274.3 


41473 


nm 

n'Xg 

o-liali. 

iMMm 

-  o'‘i; 

IL 

|r*' «  •:  -  m  . 

2iSl.l 

(2)  1.3 

2334.4 

(7) 

2333.4 

(4)  0.2 

2410.3 

(4) 

2347.0 

*.» 

2447.1 

(2) 

24U.8 

(7)  1.4 

2431.3 

(S> 

24H.0 

(4)  2.4 

2743.2 

(1) 

2404.7 

(3)  1.3 

2731.4 

(3) 

2523.4 

(2)  0.4 

2sa.6 

2334.2 

(1)  2.7 

U 


44427  ifHm 

BAiui't  nm 


sess."**”' 


y'Dj—  q''lu 
BaScaM  ta  Mm  Vlalat. 

HaiMa'a  (1«45>  >  ■yakaa  (uUa  Ill),  ta4  latMMN  aM  HaiUMa 


2133.4 

(4) 

0.0 

2301.0 

(4) 

0,2 

2223.3 

(3) 

0.1 

2344.4 

(2) 

1.2 

2233.3 

(1) 

l.J 

2331.7 

(3) 

0,3 

2444.0  (2)  0.4 


2224.4 

2300.4 


444U  aa*^  t^taa 

t'lj—  o'Og 

DagraOad  ea  Mm  Vlolac. 

■aaaMi'a  (1043)  i)  ayatai  (uUa  ni). 

0.1  I  mi.o  0.3  I  2m.o  o,s 

0.2  I  2402.4  0.4  I  2400.0  0.4 


4M 


f  I 


iiiiiiUlili 


un.7i  3.0 

1^6.27*  0.0 

1043.64 

1331.17  4,0 

1643.04  (3)  0.3 

1022.13 

1413.07  2,4 

1707.00  (4)  0.4 

2004.17 

1444.16  t,0 

1774.00  (4)  0.3 

60031  lytta 

Lfwii .  inn  •  Homu 

o'llo  — x'xg 

■iagla  haiOt.  nigwiii  t*  th*  laO. 

4^  «ttk  Om  Hm 


•  iMlfaU. 


■  U0S.3 

•  UU.t 

•  U49.3 

■  mi.t 


UI3.M 

133t.M 


V  t3tS.U 


1444.17 

(4) 

3.2 

1300.67 

(4> 

V  1430.12 

(3) 

0.0 

R  1611.41 

(0) 

1430.70 

4,3 

1613.26 

1464.21 

(0) 

1.1 

1636.36 

(6) 

1473.30 

(4) 

5,4 

1631.13 

1470.36 

(2) 

3.2 

1641.07 

1400.30 

(2) 

0,3 

1047. U 

<1> 

1403.17 

3,3 

1637.64 

(4) 

1300.02 

(7) 

0,1 

1  M71.I6 

(6) 

1300.03 

(3) 

*,* 

U73.30 

1513.U 

(3) 

1.2 

R  1607.33 

(0) 

1323.22 

(1) 

3,3 

1000.70 

1320.06 

(3) 

2.3 

1703.10 

<4> 

1330.66 

0,6 

17W.10 

1344.03 

(0) 

1710.U 

(2) 

•  1304.30 

17M.30 

(S)  t,4 

(•)  *.? 


T«IL(  S4-U 


17M.77 

0.10 

1714.40 

(3) 

3.0 

1001.00 

0.0 

UtLu 

U) 

M 

1017.07 

3.10 

1020.70 

(5) 

1.7 

U3S.01 

(1) 

4.U 

U17.10 

(5) 

3.0 

US1.84 

(1) 

3.0 

1070. 7S 

(4) 

4,10 

1877.71 

0.7 

1M7.91 

(0) 

3.11 

1004.17 

(2) 

1.0 

1005.35 

0.13 

1910.07 

(4) 

3,0 

1027.01. 

(4) 

3,10 

L  1045.00 

(4) 

4.11 

1055.07 

0.0 

L  1042.U 

(1) 

3.13 

1072.00 

(0) 

1.0 

1001.7  <0*)  2,0 


**llM  NlOtlVt  Ult«MtCtM 


Most  <■'*  Syttw 


i«MM  .  anoB  .  Komtu 

Coattauad 


t  ltM.t«  t.U 

L  tNt.M  (I)  a, to 

tiasM.7a  (»  411 

fc  tm,m  It)  4^ 

I.  astto;  MS 

MS0.S7  t.M 

L  aOSO.70  6,t4 

2073.70  t.tt 

200t.t7  (t)  3.t2 

2t0B.at  i.tt 

t  2t26.07  S,U 

L  2tU.70  O.tS 

air 

2100.1  4,13 

2123.0  S,14 

21U.0  0,15 

2101.1  3,13 

21M.7  4,14 


22lk.4 

3,15 

32I4.0 

3UI.4 

3in.7 

i»i( 

2270.3 

3,14 

3200.5 

0,10 

2500.4 

10,20 

2310.3 

11,21 

23M.7 

13,23 

2309.0 

0.10 

2307.8 

0,30 

24M.3 

10,21 

2425.1 

11,22 

2402.0 

13,24 

2472.8 

0,20 

2M1.7 

U,2S 

2500.7 

10,22 

2585.2 

13,25 

2801.0 

15,27 

00404  ea*^  Oyaf  «* 

I  -x'lg 
Uarlar  (1043). 

I  1008.5  (0)  1,0  I  1015.37  (O')  0,0 


100821  ea*^  Syitaa  ** 

I'lj-x's; 

Stagla  baad.  Dagradad  to  tha  Bad. 


Votlty  (1043). 
901.05  (2^)  0,0 


tha  baada  taportad  tj  Harlajr  (1943)  ava  all  aa  tha  $m»  aeala. 

1 

- 

■ 
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TABLE  37-SB 


1014S6.  cm~^  Sfttm  ** 

b'nu~x'zg 

Stagl*  haads.  Dagradad  to  tha  Rad. 

lha  flrat  tlx  baada.wara  obaarvad  in  abaaxptioB  b«  Uotlay  (1943)  and  tha  rmladar  by 
Btrga  and  Mopflald  (1928)  In  antaaiea. 


7953.08 

(2) 

s.o 

1008.6 

(3) 

0,1 

1226.4 

(9) 

0,9 

7960.21 

(7) 

4,0 

1032.6 

(10) 

0,2 

1238.4 

(9) 

0,10 

963.63 

(12) 

3.0 

1037.4 

(10) 

0,3 

1291.7 

(9) 

0,11 

972.1 

(13) 

2.0 

1083.1 

(10) 

0,4 

1326.2 

(9) 

0,12 

978.87 

(10) 

1.0 

1109.9 

(5) 

0,5- 

1362.0 

(7) 

0,13 

983.63 

(2) 

0,0 

1166.0 

(2) 

0,7 

1399.3 

(4) 

0,14 

■■■■ 

1193.7 

(5) 

0,8 

1438.0 

(2) 

0,13 

103672  CB*^  SyatH) 


b'’2S*-*  x’ Zg 

Slngla  heada.  Dagradad  to  tha  Rad. 

Tha  wavalangtha  of  tha  v‘>0,  1,  2,  and  3  prograialona  hava  baan  ealeulatad  froa  tha 
flna  atruetura  analyaaa  of  Taehuianowaky  (1933),  wllklnaon  and  Houk  (1936)  and  Lofthua 
(1936a).  Tha  raaaiadar  ara  froa  tha  obaarvationa  of  Worlay  (1943)  and  Wllklnaon  and  Houk. 
Tha  Intanaltlaa  In  alngla  paranthaaaa  ara  froa  Blrga  and  Hopflald  (1928)  idilla  thoaa  In 
doubla  paranthaaaa  ara  froa  Wataon  and  Koonta  (1934). 


920.0 

7.0 

1038.1 

3,5 

1244.2 

(4) 

1,11 

923.9 

6.0 

1066.2 

2,5 

1232.8 

((3)) 

3,12 

931.7 

5.0 

1074.6 

(2.) 

1,5 

1233.8 

(5) 

0,11 

937.7 

4.0 

1083.1 

3,6 

1264.3 

2,12 

944.3 

3,0 

1083.2 

(4) 

0,5 

1276.1 

(3) 

1,12 

931.0 

2,0 

1091.7 

((3)) 

2,6 

1284.7 

((2» 

3,13 

937,7 

1,0 

1100.5 

(3) 

1,6 

1288.3 

(5) 

0,12 

964.3 

0,0 

1109.0 

3,7 

^296.8 

2,13 

963.8 

3.1 

1109.1 

6,8 

1309.2 

1,13 

972.6 

2,1 

1109.3 

(4) 

0,6 

1322.1 

(4) 

0,13 

979.5 

1.1 

1118.0 

((7)) 

2.7 

1330.3 

2,14 

986.7 

0,1 

1127.2 

(4) 

1.7 

1343.6 

1,14 

987.7 

3,2 

1133.8 

3.8 

1357.1 

(6) 

0,14 

994.8 

2,2 

1136.7 

(4) 

0,7 

1379.2 

1,15 

993.7 

3,3 

1145.2 

((4» 

2,8 

1393.3 

(4) 

0,13 

1002.1 

1.2 

1134.9 

(6) 

1,8 

1416.2 

1,16 

1009.6 

0,2 

1163.6 

3,9 

1431.3 

(3) 

0,16 

1010.3 

3,3 

1164.9 

(5) 

0,8 

1434.7 

1,17 

1011.7 

6,4 

1173.4 

((3» 

2,9 

1470.6 

(5) 

0,17 

1017.8 

((0)) 

2,3 

1183.6 

(7) 

1.9 

1494.3 

1,18 

1025.4 

1.3 

1192.3 

((!» 

3,10 

1311.3 

(4) 

0,18 

1033.3 

0,3 

1194.1 

(5) 

0,9 

1333.9 

1,19 

1033.8 

3,4 

1202.7 

((2)) 

2,10 

1333.7 

0,19 

1034.7 

6,3 

1213.3 

(5) 

1,10 

1379.0 

1,20 

1041.6 

((3)) 

2,4 

1222.0 

((!)) 

3,11 

1397.7 

(1) 

0,20 

1049.6 

1.4 

1224.4 

(3) 

0,10 

1623.8 

1,21 

1037.9 

(3) 

0,4 

1232.9 

((!» 

2.11 

1643.6 

(0) 

0.21 

**Tha  ralatlva  Intanaltlaa  of  tha  banda  reported  by  Worlay  v 19437  ara  all  on  tha  aaaa  aeala. 
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TABLE  39-42 


104322  en‘^  SyitM** 


Doubl*  hMd.  Dagradad  Co  tha  Rad. 

Uorlay  (1943). 

939.17  (27)  0  a 

959.63  (37) 

105346  ea*^  Syaeaal** 

Slngla  haada.  Dagradad  to  the  Rad. 

Worlay  (1943). 

935.15  (1)  2,07  I  942.39  (3)  1,0  I  949.22  (2)  0,0 


1056S2  en*^  SyatM** 
o'llu  -x'Zg 

Slngla  haada.  Dagradad  to  tha  Rad. 

Worlay  (1943,  1953). 

882.41  (1/2)  4,0  I  912.62  (5)  2,0  I  946.12  (1)  0,0 

897.18  (3)  3,0  I  928.88  (6)  1,0  I 


107657  cn"^  Sy»teo^ 
p'Uy  —  X'Zg 

Slngla  haada.  Dagradad  to  tha  Rad. 

Worlay  (1943). 

910.48  (1-)  3,0  I  922.75  1,0  I  928.887  0,0 

916.42  (3)  2,0  I  I 


**Tha  relatlva  Intenaltlei  of  the  bandi  reported  by  Worlay  (1943)  are  all  on  tha  tana  teale. 
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108952  eo' 

Syataa 

TAtLC 

43-40 

y  + 
2.  y 

-X'lg 

Dagradad  to  tha  had. 

Hataoa  aod  Rooota  (1934). 

9U.03 

(1) 

O.l 

1024.tt 

(2)  0.3 

1123.25 

(2) 

0,9 

9N.71 

(0) 

0,2 

1040.24 

(0)  0,6 

1177.27 

(1) 

0,11 

9M.22 

(1) 

0.3 

1072.42 

(3)  0,7 

1206.28 

(3) 

0,12 

1001.99 

(2) 

0.4 

1097.26 

(1)  0,8 

1235.79 

(1) 

0,13 

875.24 

<l/4) 

7.0 

109833  ea*^  arotaa  — 

q'Zj  — x'Sg 

Stagla  haada.  Dagtadad  to  tha  had, 
Hbrlar  (1943). 

888.81  (1/2)  4,0 

904.73 

(2)  1,0 

879.47 

(1/4) 

0.0 

893.86  (1)  3,0 

T910.48 

(!')  0,0 

883.91 

(1/2) 

5.0 

899.20  (2)  2,0 

110190  ea*^  Sjrieaa 
t  —  x'Xg 

Dagradad  Co  tha  Rad. 
Hattaa  aad  KaaaCa  (IfM). 


927.12 

(2) 

0,1 

1011.84 

(4) 

0,5 

1107.85 

(3) 

0,9 

947.43 

(1) 

0,2 

1034.75 

(2) 

0,8 

U80.42 

(1) 

0,11 

968.34 

(1) 

0,3 

1058.32 

(1) 

0,7 

1188.33 

(1) 

0,12 

989.66 

(2) 

0,4 

1082.78 

(1) 

0,8 

IIMU  o«*^  Irttai  ** 


r'l  J  — x'Xg 

atagla  haad*.  Oogftdad  to  tho  lod. 
Honor  (19M). 


888.76 

(3) 

7,0 

088.72 

(4) 

4,0 

7898.19 

(1*) 

1,0 

7871.40 

(37) 

0,0 

885.18 

(2) 

9,0 

7901.35 

(1*) 

0,0 

875.87 

(3*) 

5,0 

890.95 

(2) 

2.0 

—Tho  tolatloo  ioc— Ittoo  Am  liiao  toj^ttod  tf  »4nor  (1H3)  ato  all  oo  tho  a— o  tono. 
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TAiLE  AT-BI 


112769  ea*^  Systai 


h'lj—x'lg 

Stagla  hud*.  Dagndad  to  tha  M. 

Hm  0,0  ba^  aaa  abaataad  b^  Wetlajr  (194J)  la  abaocptlaa  a>d  tha  taMladar  bjr  Wataaa 
aad  baata  U9M)  la  aalaataa. 


886.69 

0,0 

1053.15 

(2) 

0,8 

1133.11 

(1) 

0,12 

986.06 

(2) 

0,5 

1077.17 

(3) 

0,9 

1180.49 

(1) 

0,13 

1007.80 

(2) 

0,6 

1127.22 

(3) 

0,11 

1208.17 

(0) 

0,14 

1030.17 

(1) 

0,7 

116683  ea*^ 

S^taa 

a* 

t  —  X'lg 

Slagla  haadi.  Dagtadad  to  tha  lad. 
Uerlay  (19«3). 


849.71  (4)  2,0  I  853,19  <5)  1,0  |  856.98  (I*)  0,0 


118487  ea'*^  Syataa  ** 


t  —  x'sj 

Slagla  haada,  Dagradad  to  tiia  lad. 

Uorlay  (1945). 

837.31  (2*)  2,0  I  840.55  (3)  1,0  |  843.97  (3*)  0,0 


120585  ea*^  Systaa 


u'zj—  x'rj 

Slagla  haada.  Pagtadad  to  tha  lad. 

Horlar  (1943). 

822.12  (0)  2,0  I  825.65  (IT)  1,0  |  829.29  (5)  0,0 


121247  ea*^  Oyataa  *• 

V  —  X'lg 

Slagla  haada.  Pagtadad  to  tha  lad. 

HarlaT  (1M3). 

812.37  (1)  2,0  I  8U.S3  1,0  |  824.76  (1)  0.0 

**1l!a~t51atlTa  latanattiaa  oi  tha  haada  lapertad  fay  Uoriay  119437  ara  aii  oa  tha  aaaa  aeala! 
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Hoilur  •  JBKXM  fttDim  mzn  (AuourTiOM)  •• 


T«ILE  8t-S4 


X^Ig  —  x'lg 


DoiEbl*  hMd«  £or  a&S  mti  «'  ■  0,  2,  3  aad  4t  ethawlM  stagl*.  Ih*  short  wtooltagth 
boadt  ato  tloaB  hara.  Oagradad  to  tba  Violat. 


tblMEi? 

(1943). 
atata  of  i^. 

opyar  statas*  shleh  otbor  thao  ■ 

>  2  aay  bo  Ily  statas,  eoaoorga 

■ 

o' 

■ 

o' 

o' 

764.73 

16 

1 

797.29 

21 

0 

803.81 

<!♦) 

0 

783.09 

13 

1 

797.44 

20 

0 

803.90 

0 

783.31 

14 

1 

797.63 

19 

0 

808.91 

0 

786.67 

12 

1 

797.84 

18 

0 

813.32 

0 

787.48 

11 

1 

798.08 

17 

0 

820.047 

(0*) 

1 

788.34 

10 

1 

798.37 

16 

0 

821.11 

(1/2) 

0 

790.02 

9 

1 

790.72 

(1/2‘>13 

0 

834.117 

(1/2) 

2 

793.8 

Sorias 

0 

799.13 

(1/21)14 

0 

834.93 

0 

Llale 

799.38 

(0*>  6 

1 

863.06 

(1) 

0 

796.77 

26 

0 

799.68 

(1/2*>13 

0 

886.03 

(1/4) 

4 

796.83 

23 

0 

806.33(1/2*7)12 

0 

902.38 

(2) 

3 

796.94 

24 

0 

801.21 

11 

0 

920.04 

(1*7> 

2 

797.04 

23 

0 

802.33 

10 

0 

938.37 

(8) 

1 

797.16 

22 

0 

938.17 

(2) 

0 

tmtUK's  6X06010  soitn  (absowptioi)  so 

2 

A^Do 

-x'zj 

(0 

'  - 1) 

SlBgla 

hoads.  Oagradad  to  tlw  bad. 

Horlay  <1943  and  1933).  Tba 
Tba  wavalai^eh  of  tba  aarlas 

tMtr  StAtt*  ApPAAr  (0 
tudt  WAA  eAleulAtAdo 

eoBoorga  to  tba  A^U 

stato  of 

732.03 

Sarlas 

llailt 

736.80 

(3-) 

3 

006.48 

3 

749.02 

<2^) 

6 

771.72 

(2) 

4 

928.88 

2 

HOmiLO'S  tnBBO  SBUS  (ABSOWTIOK) 

B^lJ  — x'25 


of  eho  sartoa 

661.2 

66S.7 

666.4 


Saga,  and  Tanaka  (1939).  Iho  last  band  Is  fxon  Wsrloy  (1943).  Tba 
lisdt  oat  ealoulatad.  Tba  uppor  statot  ooaoorga  bo  tho  BSX  stato  of 

ofoalangth 

Hjo 

SArlAt 

667.3 

9 

682.3 

3 

Llale 

669.1 

8 

693.0 

4 

11 

671.3 

7 

723.7 

3 

10 

673.4 

6 

823.3 

27 

**tha  ralatlTO  iBtsBtltlas  of  tho  baads  roBortod  b^  Horlay  (1643)  aro  all  oa  tba  aaaa  seala. 
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TABLC  SS-S« 


TAKAMOnt,  8UBA  AMD  TAIWtA’i  RTOBWO  SPLIES  (PgiSIOII) 

TakaalB*t  Su|a  and  Tanaka  (193^.  Tha  wav^Mgeh  of  Cha  aorlaa  Itnlt  oaa  ealeulatad. 
Tht  uppar  acataa  eonvarga  to  tha  acata  of  N|. 

Ml. 2  JJJ**  I  674.0  6  I  690.6  4 

670.4  7  679.8  S  |  715.3  3 


Nj  MBIMBL.  BANDS 

Tm  dealaaat  haada.  Dagradod  to  tha  Bad. 

Tha  wavalaagtha  for  tha  B2  and  Qi  haada  ara  ftea  Douglaa  (1953>  idiara  tha  ealeulatad 
paaltlona  ara  narfcad  with  an  aatarlak.  Tht  Intanattlaa,  on  a  llnaar  aoalo,  ara  fron 
Htlnal  (l9Sla).  Tha  rotational  and  vibrational  analyala  hta  baan  dlteuaaad  by  {tolnal 
(1950a  and  b.  193U  and  b),  Oalby  and  Douglaa  (1931^  Douglaa  (1953),  blu  (1959),  and 
Kathawa  and  wallaea  (196l). 


5315.6* 

5,0 

39.8* 

6106.4* 

4.0 

36.2* 

6267.6* 

■  t 

98.9* 

6833.0* 

3,0 

90.3 

(4) 

7036.8* 

L  1 

81.4* 

(3) 

7239.9* 

(6) 

^  ‘9 

81.8* 

7823.7 

74.6 

2,0 

8033.6 

igj 

\  Y 

8103.4 

8293.4 

8348.3 

(8) 

8545.7* 

8603.9* 

9145.3* 

9212.1 

9431.2* 

9502.3* 

9733.3* 

9808.9* 

11052.  * 
10133,  * 

10499.  * 
587.  * 

11036.  * 
134.  * 

11416.  * 
521,  * 

11820.  * 
932.  * 


5.3 
1,0 
M 
3,2 
*.3 

5.4 

0,0 

1. 1 

2.2 


12249.  * 
369.  * 

12867.  * 
13001.  * 

13366.  * 
510.  * 

14323.  * 
692.  * 

15114.  * 
297.  * 

15748.  * 
947.  * 

16703.  * 
927.  * 

17459.  * 

705.  * 

17460.  * 

706.  * 


3.3 

4.4 

5.5 
0,1 
1.2 

2.3 

3.4 

4.5 

5.6 
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TAtie  57 


M2  rXMST  NEGATIVE 

Mstely  ■la(l*  haadi.  Dagradad  Co  tha  Vlolat. 

Tha  Incanaitlaa,  on  an  axpandad  aeala,  and  tha  wavalaageha  o(  Cha  ula  (vlolat  daaradad) 
Mrc  o<  Cha  ayacaa  ava  fto*  Hanbarn  (IttS),  aucnMacad  with  tha  data  of  Morton  and  Plllay 
(1925).  Parturbatlona  oauaa  §om»  01  tha  bMo^  doubla  haadad.  Tha  rotational  and 

vibrational  eonacanta  ara  auanaricad  by  Deuglaa  119S2). 

Tha  wavalanatha  of  cha  tall  banda  ara  froo  Harxbarg  (1928).  laballad  H,  Douglaa  (1932), 
taballad  D,  and  Janln  and  Eyraud  (1954).  Tha  lattara  wavalangtha  ara  only  aeeuraCa  to  about 
0.5  A.  Tha  Intanaltlaa  ara  froo  Janln  and  Eyraud. 


3076.47 

(1) 

4,1 

4166.4 

3*4 

4913.2 

(4) 

5,8 

3078.27 

(1) 

3,0 

66.8 

(30) 

4958.0 

(5) 

4,7 

3293.9 

(80) 

4,2 

4199.2 

(100) 

2.3 

5010.8 

1  A 

3299.1 

(60) 

3.1 

4236.5 

(250) 

1.2 

12.4 

(3) 

(5) 

3308.8 

2,0 

4278.1 

(400) 

0.1 

5076.5 

2,5 

3533.2 

(100) 

3.4 

4459.3 

(5) 

7.9 

3148.8 

(4) 

1.4 

3338.0 

(100) 

4.3 

4466.6 

(20) 

6,8 
ft  9ft 

5228.3 

(2) 

0,3 

3348.2 

(200) 

3.2 

4485.3 

(10) 

og  Iv 

5328.9 

30.0 

8,12 

3564.4 

(300) 

2.1 

85.9 

a3) 

5340.2 

(0.7) 

7,11 

3582.5 

(300) 

l.O 

4489.7 

(2) 

9.11 

5344.7 

(0.4) 

9,13 

3818.1 

4.4 

4515.9 

(33) 

4,6 

3372.3 

(0.7) 

6,10 

3833.4 

3837.9 

3884.3 

3914.4 

4110.9 
4120.7 

(40) 

(230) 

(1500) 

(2) 

3.3 

2.2 

l.l 

0.0 

6.7 

5.6 

4553.2 
54.4 

4599.9 

4651.9 

4709.3 

4864.4 

lUi 

(50) 

(50) 

(30) 

(6) 

3,5 

2,4 

1.3 

0.2 

7.10 

8.11 

3384.3 

5420.8 
3450.0 

5485.8 

5560.8 
63.8 

(0.5) 

(0.7) 

(0.4) 

(1) 

iS;ii 

10.14 
5,9 

11.15 
4,8 

3,7 

21.3 

41A0.7 

(6) 

(20) 

4.3 

4881.7 

4883.37 

(4) 

6,9 

0  99 

3653.2 

5754.4 

(0.7) 

(0.5) 

2,6 

1.5 

84.67 

(1) 

5864.7 

0.4 

2912.5 

(3) 

12.7 

2970.0 

(0) 

13,8 

H  2987.5 

10,6 

2992.3 

(2) 

18,11 

H  3033.0 

11.7 

3148.5 

(0) 

13,9 

3159.8 

(4) 

20,13 

H  3174.4 

10.7 

3181.9 

(3) 

16,11 

3217.7 

D  3217.1 

(3) 

14,10 

H  3222.7 

0  3222.3 

11,8 

3250.1 

(8) 

19,13 

3263.0 

(8) 

17,12 

3341.7 

(8) 

20,14 

3345.7 

(8) 

13,10 

22,15 

3349.6 

(8) 

18,13 

FIRST  NEGATIVE  TAIL  BANDS 


3374.6 

(2) 

16,12 

D 

3691.0 

27,19 

H  3381.5 

10,8 

D 

3726.0 

29,20 

3419.6 

D  3419.1 

(1) 

14,11 

D 

3730.3 

3730.4 

(5) 

15,13 

3439.2 

3443.7 

(2) 

(4) 

21,15 

19,14 

D 

3733.1 

3733.1 

(6) 

12,11 

3447.3 

(1) 

23,16 

D 

3756.1 

3756.6 

(5) 

22,17 

3493.4 

(1) 

12,10 

3761.6 

(10) 

20,16 

3500.6 

(0) 

15,12 

3782.8 

(8) 

18,15 

3534.0 

(0) 

18,14 

D 

3783.4 

26,19 

3588.6 

0  3587.9 

(2) 

16,13 

D 

3808.9 

3808.7 

(2) 

13,12 

H  3612.2 

(4) 

10,9 

3824.7 

(4) 

16,14 

3643.2 

D  3643.4 

14,12 

3875.1 

(6) 

10,10 

3646.1 

(5) 

21,16 

3891.8 

(6) 

19,16 

3655.7 

(7) 

19,15 

D 

3907.1 

27,20 

3668.1 

(6) 

11,10 

D 

3940.1 

29,21 

3682.1 

(7) 

17,14 

3994.9 

(3) 

22,18 

Conclnuad  naxc  page 
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T«ILC  sr-si 


riRST  NEGATIVE  TAIL  BANDS 
Contlnuad 


4006.7 

(4) 

20,17 

4969,3 

(3) 

15,17 

5292.9 

(7) 

20,21 

4720.2 

(1) 

16,17 

4988.2 

(5) 

18,19 

5391.1 

(3) 

18,20 

4743.1 

(5) 

13,15 

5066.2 

(3) 

21,21 

5458.2 

(2) 

21,22 

4769.3 

<2) 

19,19 

5099.8 

(3) 

16,18 

5551.9 

(1) 

19,21 

4SM.7 

0  4850.3 

<8) 

14,16 

5136.4 

5227,7 

(8) 

(3) 

19.20 

22.21 

5632.1 

5721.9 

(0) 

(1) 

22,23 

20,22 

4913.5 

<4) 

20,20 

5240.2 

(5) 

17,19 

Double  headed.  Degraded  to  the  Red. 

The  wavelengtha  and  InCeneities  are  from  Tanaka,  Namloka  and  Jurta  (1961).  The  authors 
have  also  confirmed  the  vibrational  numbering  by  Isotopic  analysis.  Crandmontagne,  Janin,  and 
d'lnean  (19S9)  cite  a  rotational  analysis  by  Janln  and  d* Incan  (195Sb).  See  also  Janln  and 
d' Incan  vl9S8a). 


2057.0 

59.5 

<3) 

10.1 

2374.2 

77.6 

(5) 

6,3 

2659.7 

63.8 

(6) 

7,6 

2086.0 

88.6 

<4) 

9.1 

2377.1 

80.3 

(6) 

11.5 

2705.3 

(2) 

4.5 

2116.9 

19.4 

(5) 

8,1 

2414.7 

18.0 

(1) 

10,5 

2713.2 

17.5 

(6) 

6,6 

2149.6 

52.2 

(6) 

7,1 

2418.5 

21.8 

(5) 

5,3 

2766.1 

(2) 

3.5 

2169.5 

72.2 

'  (6) 

9,2 

2454.4 

58.0 

(1) 

9,5 

2770.8 

75.3 

(1) 

5,6 

2202.8 

05.5 

(7) 

3,2 

2465.6 

69,0 

(2) 

4,3 

2804.2 

08.8 

(157) 

9,8 

2224.3 

27.2 

(4) 

10,3 

2497.5 

2501.0 

(2) 

8.5 

2837.4 

(0) 

4,6 

2238.3 

41.2 

(10) 

7.2 

2527.5 

31.2 

(2) 

5.4 

2843.4 

48.6 

(’> 

8.7 

2275.3 

79.4 

<7) 

6,2 

2543.4 

46.8 

(7) 

7,5 

2860.2 

64.9 

(4) 

8,8 

2316.1 

19.3 

(2) 

10,4 

2578.6 

82.7 

(3) 

4.4 

2907.3 

12.4 

(2) 

5,7 

2316.7 

19.8 

(4) 

5,2 

2613.8 

(1) 

8,6 

2920.7 

25.6 

(10) 

7.8 

2332.2 

35.3 

(3) 

7,3 

2634.4 

38.2 

(3) 

3.4 

3067.4 

72.9 

(1) 

7.9 

2359.8 

53.1 

(1) 

4,2 

2544.6 

48.7 

(2) 

5,5 
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TAite  8« 


N2  SECOND  NEGATIVE 


Single  heeds. 


Dtgrattod  to  Che  Red. 


The  bulk  of  Che  uaveleiuehe  and  all  of  the  tacanalclaa  ara  trom  Tanaka  (19S3).  Additional 
wavolangtha  art  from  the  hlah-raaoluclon  ttudlaa  of  Wllklnaon  (1956),  laballad  U,  and  Carroll 
(1939),  laballad  C. 


1377.4 

(2) 

4.0 

1415.6 

<3) 

3,0 

1460.8 

(3) 

3,1 

1464.3 

(2) 

A. 2 

1507.8 

(2) 

3.2 

1511.2 

(2) 

4.3 

1537.6 

(5) 

3,3 

1539.2 

(5) 

4.4 

1609.5 

(4) 

3. A 

1611.4 

(3) 

A, 5 

C  1660.22 

0.2 

1664.4 

C  1664.21 

(3) 

3.5 

1721.8 

(6) 

3.6 
A. 7 

W  1721.79 

3.6 

1778.8 

(0) 

6,10 

1780.0 

(0) 

3.9 

1781.5 

(0) 

A.8 

1784. 4 

(1) 

O.A 

1.5 

Nfae 


1841.4 

U  1841.45 

(0) 

5.10 

1843.8 

(3) 

A  0 

W  1843.93 

4,y 

1846.2 

W  1846.29 

(6) 

3,8 

1848.6 

(0) 

9  7 

C  1848. A1 

‘9  f 

1850.5 

(0) 

1  A 

C  1850.25 

1851.9 

(0) 

0,5 

1893.6 

(0) 

8,14 

1897.5 

(0) 

7,13 

1901.6 

C  1901.75 

(3) 

6,12 

1905.7 

C  1905.82 

M  1905.83 

(4) 

5,11 

1909.6 

C  1909.81 

W  19  9.84 

(5) 

4,10 

1913.5 

(6) 

C  1913.65 

U  1913.64 

3,9 

1917.4 

C  1917.21 

(0) 

2,8 

1920.7 

C  1920.46 

(0) 

1.7 

1923.4 

C  1923.24 

(0) 

0,6 

1955.9 

(0) 

8,15 

1962.1 

(1) 

7.14 

1967.7 

C  1967.76 

(3) 

6,13 

1973.5 

C  1973.52 

(5) 

5,12 

1979.2 

C  1979.21 

W  1979.23 

(6) 

4,11 

1984.6 

C  1984.69 

W  1984.75 

(7) 

3.10 

1990.1 

(0) 

2,9 

1994.9 

(0) 

1.8 

2029.2 

(0) 

7,15 

2037.1 

(0) 

6,14 

2044.7 

(1) 

5,13 

2052.2 

(2) 

4,12 

2059.7 

(3) 

3,11 
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Armou 


A6v*H 

(mh 


c' 

E 

C^flu 

b'®x; 

B^Dg 

x'z 

♦ 

g 

* 

(H)* 

(H) 

0 

1396. 

21U. 

1994.93 

1493.6 

1709.30 

1432.91 

2329.66 

1 

1941.38 

1468.6 

1676.34 

1403.24 

2301.17 

2 

1879.26 

1444.6 

1647. U 

1377.42 

2272.61 

3 

1783.09 

<R) 

1618. U 

1349.66 

2249.6 

2243.97 

4 

1397. 

1389.31 

1321.72 

2213.1 

2213.26 

3 

1374. 

1360.28 

1293.36 

2186.8 

2186.47 

6 

1331. 

1331.10 

1263.21 

2136.3 

2137.62 

7 

1328. 

1301.79 

1236.63 

2128.8 

2128.68 

8 

1472.33 

1207.69 

2099.2 

2099.67 

9 

1U2.76 

1178.07 

2070.0 

2070.39 

10 

1413.08 

1148.39 

2041.4 

2041.4 

2041.43 

11 

1383.13 

1118.38 

2011.9 

2012.3 

2012.20 

12 

1333.27 

1982.9 

(M) 

1982.90 

13 

1324.07 

1933.8 

1933.3 

1933. 

1933.31 

14 

1291.33 

1923.6 

1924.1 

1924. 

1924.06 

13 

1260.42 

1892.3 

1894. 

1894.33 

16 

1229.23 

1870.3 

1864.93 

17 

1829.3 

1833.23 

18 

1803.0 

1807. 

1803.30 

19 

1773.3 

1773. 

1773.67 

20 

1743.7 

1743. 

1743.77 

21 

22 

23 

2A 


1713. 


1630. 

1618. 


STAH 


c 

E 

C,  8,  A 
S' 

X 


Hawda  (1*37). 

Hnaaa  (1863). 

Dlak*  and  Haath  (1939). 

▼  ■  4  Co  7  LaEJUae,  Taaaka  and  Jurta  (1938);  v  •  1  to  3  WilUiwoa  (1960); 

V  •  13  to  20  Taohulaaovtkr  (1933),  qootad  bjr  lofthoa  (1936a); 

T  •  13  to  13.  18  to  21,  23  and  24  fees  Cha  obtarntleiit  of  HaxMni  (1943); 

V  ■  3  to  11  fxoa  tba  obaoxoatlatw  of  WllklaaoB  and  Rook  (1936); 
o  ■  10  to  14  Lefthua  (1936a); 

T  •  0  to  20  ealeulatad  valnaa  froa  Lofthua'  (1996a)  aquaclfa. 


*Tha  pacwathatlc  H  ladleitaa  that  60  waa  obcalaad  fcoa  baad-hoad  aaaaiaraaaBCa. 
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AfFDIDU  Centlaoad 


Hapaar-Hamaa 

Orata  laada 

tafrarad  laada 

u'Zu 

t 

1 

«  la 

Itada 

UMar  Uaar 

Opaar  Loaar 
BUM  SMta 

iSSL 

loMar 

8UCa 

g 

•ar  •“») 

(H)  (K) 

(8) 

(8) 

(8) 

(8) 

(8) 

(H) 

789.  1M3. 

897.7,  742.7 

889.4 

712.0 

923. 

933. 

482. 

922. 

1188.4 

728. 

873.0  718.0 

847.0  899.0 

870.9 

■84.8 

833.2 

889.9 

928. 

919. 

480. 

479. 

1827.4 

iM.O 


f'lj 

q'lj 

p*TIu 

o'n^ 

rn’llg 

i/'sl 

b'  Ou 

1 

•  'Au 

o'ng 

w 

(H) 

(H) 

(H) 

(H) 

(H) 

(H) 

(8) 

(H) 

0 

639.7 

697.7 

715.7 

1963. 

764. 

742.3 

898. 

689. 

1868.1 

1 

657.7 

681. 

749. 

1917. 

822.7 

732.8 

709. 

671. 

1838.4 

2 

670. 

663. 

712. 

1885. 

722.9 

893. 

1488.9 

1610.7 

3 

653. 

638. 

1866. 

752.2 

588.7 

1485.9 

1583.2  1588 

4 

629. 

622. 

704.0 

560.7 

1442.8 

1599.4  1597 

5  607.  572. 

6  552.  550. 

7 

8 
9 


1420.1  1527.8  1527. 


1443. 

1418. 


10 

11 

12 

13 


1381. 


1311. 


8TAT1 


jSyiBI 


Mapotr-Haiun 
OrMn  Baadt 

HaiMn'i  lafrarad  Baadt 
V,  o,  t,  t,  r,  q,  p,  a,  b,  I 

X 

e 

b' 

a 


Hapaar  and  Hanaa  (1997). 

Orta  (1994). 

Carroll  aad  SaTori  (1993). 

Worlar  (1943). 

Leftbua  (1996b). 
tarlar  (1993). 

Frat  cba  obatroatloaa  of  Wllkiatea  aad  Roidi  (1998). 
tofthoa  and  HullUaa  (1997). 
paO  to  9  Lofthua  (1998a).  Tha  rnaaladar  fron  tha 
obtarratloaa  of  Hamaa  (1949). 


i 
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APPENDIX  Continued 


a''Zu 

o^n. 

B  Zu 

x^zj 

V 

(H) 

(H) 

0 

1506.6 

2051.1 

2371.5 

2174.8 

1 

1482.2 

2029.7 

2318.8 

1843.2  1843.2 

2142.2 

2 

1458.6 

2004.3 

2260.4 

1813.3  1813.4 

2109.4 

3 

1435.7 

812.5 

1976.0 

2196.4 

1783.4  1783.6 

2076.4 

4 

1412.3 

789.4 

1946.1 

2U2.8 

1753.6 

2043.0 

5 

1389.7 

766.4 

1913.0 

2041.0 

1723.8 

2009.2 

6 

1366.9 

743.5 

1951.1 

1693.9 

1975.7 

7 

1344.4 

720.5 

1838.2 

1664. 1 

1939.9 

8 

1322.1 

697.8 

1726.9 

1634.3 

1907.0 

9 

1299.9 

675.0 

1596.7 

1872.1 

10 

652.4 

1479.9 

1836.8 

11 

629.8 

1371.4 

1801.1 

12 

607,2 

1276.3 

1764.8 

13 

584.8 

1196.3 

1728.1 

14 

1126.6 

1691.1 

15 

1067.1 

1653.5 

16 

1015.5 

1615.4 

17 

966. 

' 

1576.8 

18 

922. 

1537.3 

19 

882. 

1497,7 

20 

845. 

1458.2 

21 

810. 

22 

775. 

23 

744. 

24 

717.7 

25 

690.3 

26 

661.8 

27 

637.6 

28 

607.4 

STATE 

SQURCt 

Lofthus  (1956b), 


0 

c 

B.X 

A 


Teneka,  Namloka,  and  Juraa  (1961). 

Catxoll  (1959). 

Tha  funnary  by  Douglaf  (1952). 

v>l  to  3  Douglas  (1953);  v«I  to  8  Tanaka,  Naaloka,  and  Juraa 
(1961). 
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APPENDIX  Continual 


KtDBUO  SniES 

Warl«]r-J«ikiBi 
(Worlay,  1943). 


Uorlay 

(Worlay,  1933). 


m 

^Gv, 

2 

2180. 

2146. 

2103. 

2069. 

1962. 

1917. 

3 

1927.7 

4 

2179. 

1863. 

3 

1886. 

1860. 7 

6 

2174.7 

1883. 

1833.7 

9 

2172. 

10 

2178.7 

11 

2176.7 

12 

2174. 

13 

2174. 

14 

2174. 

13 

2174. 

16 

2174. 
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